atives play key roles {Davis et al. 19871 . The unravelling of the intricate process of insect morphogenesis, however, has revealed that many pivotal genes encode the conserved DNA-binding homeo domain (Gehring 1987 ; Scott et al. 1989} . Because some homeo proteins of Drosophila and of Caenorhabditis elegans participate in cell-type discrimination, the numerous vertebrate homeo box genes may well help to guide not only morphogenesis but also cellular differentiation processes, some of which continue throughout life.
Parallels between the vertebrate and insect homeo box genes are increasingly evident. The best-studied vertebrate class comprises the numerous Antennapedia (Antp)-like Hox genes, which reside within at least four clusters of up to a dozen genes, located on separate chromosomes (Boncinelli et al. 1988; Kessel and Gruss 19901. Each cluster exhibits intriguing similarities with the complement of genes within the fly Antennapedia and Bithorax clusters, not only in homeo domain sequences but also in order of activation, anterior boundary of expression during embryogenesis, and possible role in segmentation {Graham et al. 1989; Kessel and Gruss 1990) .
Several vertebrate homeo proteins have recently been identified as transcription factors required for expression of lineage-specific genes. For instance, Oct-2 is necessary for immunoglobulin expression by B lymphocytes (Mfiller et al. 19881 , whereas Pit-1 (GHF-11, another member of the POU class, is associated with expression of several genes in the pituitary {Ingraham et al. 1988) . Similarly, LF-B1 [HNF-1, APF) is involved in the expression of liver-specific genes (Frain et al. 1989; Baumhueter et al. 1990} , and TTF-1 in that of thyroid-specific genes (Guazzi et al. 19901 . Finally Isl-1, which is more similar to two differentiation-controlling homeo proteins of C. elegans than to any other vertebrate homeo protein, is required for insulin expression in the pancreas (Karlsson et al. 1990 ). Because all of these genes have homeo boxes very different from those of the Antp class, the more divergent members of the homeo box family may figure prominently in the control of cell type-specific gene expression.
Our focus is the intrinsic control of hematopoiesis. Because at least eight diverse lineages of mature cells are continuously generated from self-renewing hematopoietic stem cells (Metcalf 1988) , many developmental decisions must be made. A major experimental asset of this system is the availability of numerous murine cell lines representative of several lineages and stages of maturation. The lines obviate the problem of obtaining pure cell populations from normal tissues and facilitate detection of the low-abundance mRNAs expected for many regulatory genes. To explore potential homeo box gene involvement in hematopoiesis, our laboratory has been screening cDNA libraries for homeo box clones and investigating their expression within such cell lines (Kongsuwan et al. 1988) .
A homeo box gene with expression restricted to particular hematopoietic lineages would be of particular interest as a candidate commitment gene. We report the characterization of a novel murine homeo box gene derived from a chromosomal locus distinct from the known murine homeo box loci. It is expressed in cells of myeloid-macrophage lineage and at early stages of Blymphocyte development, as well as during embryogenesis. Its homeo box sequence is divergent from those of the known vertebrate genes but is closely related to that of the Drosophila H2.0 gene, one of the few fly genes that exhibit only tissue-specific expression (Barad et al. 1988) . To indicate this sequence relationship, the new gene will be denoted H/x, for H2.0-_like homeo box gene. The presence of an intron within the Hlx homeo box at the same position as in a number of diverse homeo box genes of Drosophila and C. elegans has implications for the evolution of the homeo box gene family.
Results

Isolation of a new homeo box cDNA and its cognate gene
To identify homeo box genes expressed during lymphopoiesis, a cDNA library from the pre-B cell line 70Z/ 3 was screened by hybridization at low stringency with a mixture of oligonucleotides from the most conserved region of the homeo box, the third helix (Scott et al. 1989) . From 600,000 plaques, 18 positive clones were obtained. The presence of a homeo box in each clone was verified by sequencing from a primer complementary to the Antp third helix (see Materials and methods). Thirteen clones derived from genes of the Hox-2 cluster (Hox-2.1, Hox-2.2, Hox-2.4) and will not be discussed further here. The remaining five clones represented the novel homeo box gene denoted H/x. The 70Z/3 cDNAs {e.g., j15 in Fig. 1 allowed us to determine a sequence representing 2.3 kb of the estimated 2.7-kb Hlx mRNA. The Hlx gene was isolated from a h library, and its exons were defined by comparing genomic and eDNA restriction maps and by sequencing one strand of the indicated 6.3-kb EcoRI subclone (Fig. 1) . Hlx has at least four exons and, unlike most vertebrate Hox genes, has an intron within the homeo box (solid box in Fig. 1 ). Significantly, its position {arrow in Fig. 2 ) is identical to that within the homeo boxes of 11 homeo box genes of Drosophila or C. elegans (see Discussion).
The Hlx eDNA sequence (Fig. 2) , which extends to the poly(A) tract, predicts a polypeptide of 476 amino acids. The indicated methionine initiation codon has a moderately favorable context (Kozak 1987) . The reading frame remains open for 98 codons upstream of the putative initiation codon to the in-frame stop at nucleotide 172. No non-ATG initiation codon in a good context is evident in that region, but there are several potential splice acceptor sites. To address the possibility that altemative splicing might generate an Hlx RNA encoding an extended amino-terminal sequence, RNase protection experiments were performed with probe D {Fig. 1) from the 5'-untranslated region on mRNA from several cell types expressing Hlx (see below), but no evidence of splicing was obtained.
The H/x mRNA has a conspicuously long 5'-untranslated region. The 468-bp leader sequence shown in Figure 2 is unlikely to represent its full extent, since we estimate from the size of the mRNA (see below) that the 5'-untranslated region is likely to be 650-750 bp long. The reported sizes of some other vertebrate homeo box mRNAs suggest that they may also bear long leaders, which may have some regulatory role. A curious feature of the Hlx 5'-untranslated sequence is the poly(T) 
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Evx-I lab 8, 10, 2, 7, 9, elegans genes (ceh, unc-86, mec-3) are cited in Schaller et al. (1990) , B~irglin et al. (1989) ; and Hawkins and McGhee {1990); the vertebrate eve-like genes Xhox-3, by Ruiz i Altaba and Melton {1989); and Evx-1 and Evx-2, by Bastian and Gruss (1990) . The ceh-14 gene and POU genes ceh-6 and uric-86 have two introns within the homeo box.
members of the even-skipped class such as Xenopus Xhox3 (Ruiz i Altaba and Melton 1989) and Evx-1 (Bastian and Gruss 1990), but their homology with Hlx (43%) is only slightly higher than that of Antp (40%). Nevertheless, Hlx is closely related to all Antp-like genes within the third helix, which is involved in DNA recognition (Scott et al. 1989) . Hence Hlx might be regarded as a distant member of the Antp family. In current views of DNA-binding specificity (Hanes and Brent 1989) , the preservation of glutamine at the ninth residue of that helix argues that Hlx may recognize target sequences similar to those of Antp-class homeo proteins, but an exception to that rule has been reported (Guazzi et al. 1990) .
Outside the homeo domain, the similarity between H/x and H2.0 is confined to several short sequences (Fig.  4 ). These include a conserved SGGV tetrapeptide, 17 residues carboxy-terminal to the homeo domain and the E A . . . SSDS stretch farther downstream (Fig. 2) . Aminoterminal to the homeo domain, both genes contain the pentapeptide FPGPY and the sequence S-LRPTPI/V, followed 20 residues later by FHQH at the start of a glutamine-rich segment. These sequences were not found in any other protein within the computer data bases.
Remarkably, a larger segment within the amino-terminal portion of Hlx has been partially conserved not only in H2.0 but also in the engrailed class of homeo proteins and, to a lesser extent, in four genes bearing the paired box, a domain present in several regulatory genes and first found upstream of the paired homeo box gene (Bopp et al. 1986 ). Within the Hep (H2.0/e_ngrailed/ paired) motif, Hlx shares 6 of the 13 most conserved amino acid residues with H2.0, 7 with engrailed, and 9 with invected; several of the differences represent conservative substitutions (Fig. 5) . Within the central, more conserved segment, some homology is also evident with an octapeptide region noted previously in the two gooseberry homeo proteins of Drosophila and in two human genes that also carry a paired box (Burri et al. 1989) , as well as in the murine Pax2 homeo protein (Dressier et al. 1990) whether the two human genes contain a homeo domain is not yet known. The occurrence of the Hep motif in these divergent putative regulatory genes suggests that it has a specific function. No convincing example of the motif was found by computer search in any other known gene.
Three other regions of Hlx might function in transcriptional activation. Downstream from the homeo box, both Hlx and H2.0 have an acidic segment residing within a longer region rich in serine and threonine residues, which comprise 38% of that portion of Hlx (Figs. 2 and 4). The amino-terminal part of Hlx has segments rich in proline and glutamine. In a number of transcription factors, such domains contribute to transcriptional activation (Mitchell and Tjian 1989) .
N e w homeo box locus on the distal portion of mouse chromosome 1
The mouse chromosomal location of HIx was determined by interspecific backcross analysis. The panel of progeny used in this analysis, derived from mating (C57BL/6J x Mus spretus) F1 and C57BL/6J mice (Dickinson et al. 1990 ), has been typed for over 500 loci well distributed over all the autosomes and the X chromosome. To reveal informative restriction fragment length polymorphisms, C57BL/6J {Mus musculus) and M. spre- tus DNAs were first digested with several enzymes and analyzed by Southern blot hybridization using the Hlx probe. A TaqI polymorphism (see Materials and methods} was then used to follow the segregation of the two Hlx alleles among backcross progeny. The results (Fig. 6 , top) mapped Hlx to the distal region of mouse chromosome 1, linked to the loci for transforming growth factor f~-2 (Tgfb-2), ~-spectrin (Spna-l ), and antithrombin-3 (At-3). By allotyping each of these markers in at least 176 progeny, we derived their most likely gene order and the recombination distances between them (Fig. 6) . No crossovers were detected between Tgfb-2 and Hlx, giving 95% confidence that they lie within 1.6 cM (probably within a few megabases). The placement of At-3, Spna-1, and Tgfb-2 relative to other chromosome 1 markers on the interspecific and composite intraspecific backcross maps (see Dickinson et al. 1990) places Hlx well below the loci for the En-1 (Hill et al. 1987; Joyner and Martin 1987) and Oct-1 (Hsieh et al. 1990 ) homeo box loci. Interspecific backcross analysis on the same panel maps Copeland, and N.A. Jenkins, in prep.) . Because the distal region of mouse chromosome 1 is syntenic with the long arm of h u m a n chromosome 1 and h u m a n Tgfb-2 resides at band lq41 (Barton et al. 1988) , the h u m a n Hlx gene probably maps in that vicinity.
Hlx-related genes in diverse vertebrates
To gauge whether other vertebrate genomes contain Hlxrelated genes, Southern blots of EcoRI-digested genomic DNAs from several species were probed at moderate stringency with the Hlx j15 cDNA [ Fig. 7A ). This sequence resides entirely within a 6.3-kb murine EcoRI fragment {Fig. 1), but the blot revealed faint additional bands in mouse DNA and several prominent bands in D N A from humans, marsupial possum, chicken, and Xenopus. Some of these bands m a y represent relatives of Hlx rather than homologs, as they were selectively lost after a wash at higher stringency {Fig. 7B). Some were also detected at low stringency by a probe spanning the 1-12.0 homeo box (the 252-bp MspI fragment; data not The probe was the j15 cDNA (Fig. 1) . The same blot was washed at low stringency (A) and at moderate stringency (B). Note the polymorphism revealed in the two human samples at low stringency.
shown). These results suggest that a small family of Hlxrelated genes may reside in vertebrate genomes.
Hlx is expressed in particular hematopoietic lineages
The hematopoietic expression pattern of Hlx was assessed by Northern blot analysis of poly(A) + RNA from 67 hematopoietic cell lines, as well as from spleen and thymus. A representative blot is depicted in Figure 8A , and Thus, Hlx expression may be turned off late in B-cell maturation. Consistent with this view, the Hlx transcript level was relatively low in the spleen, which contains B but no pre-B cells. Hlx hematopoietic expression appears to be restricted to the myeloid and B lineages, as none was observed in the 10 erythroid, 12 T-lymphoid, and 3 mast cell lines examined (Materials and methods; Table 1 ). This pattern contrasts markedly with several Hox genes, which are expressed either ubiquitously or sporadically, if at all, among these lines (Kongsuwan et al. 1988 ).
The Hlx expression pattern seen with the cell lines was confirmed for normal hematopoietic tissues and cell populations by the more sensitive RNase protection analysis (Fig. 8B) . Hlx was expressed abundantly in bone marrow and derived myeloid populations, including macrophages grown in macrophage colony-stimulating factor (M-CSFI and a mixed population grown in interleukin-3 (IL-3) that consisted mostly of granulocytes, macrophages, and their precursors. Hlx RNA was also "E. Table 1 or in Materials and methods. The probe was the j15 eDNA {Fig. 1). The same blot was subsequently hybridized with a GAPDH probe. Note that less poly(A) + RNA was loaded for BALB/c fibroblasts. (B) H/x expression in normal hematopoietic cells and tissues, analyzed by RNase protection. Probe 1 (Figs. 1 and 9 ) was hybridized to 10 ~g of total RNA, except for the pre-B cells and granulocytes, for which only 0.5 and 1.0 ~g of RNA were available. RNA integrity was checked by Northern analysis of equivalent quantities with a rat GAPDH probe. The cell populations, described in Materials and methods, were as follows. The myeloid population consisted of nonadherent IL-3-stimulated bone marrow cells. BM Me and P Me denote marrow and peritoneal macrophages, respectively. B blasts were LPS-stimulated splenocytes, and T blasts were ConA/IL-2-stimulated splenocytes. The pre-B and granulocyte populations were marrow B220 +/slgM-and GR-1 + cells, respectively. The cell lines P388D 1 and W231 provided positive and negative controls.
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a b u n d a n t in peritoneal macrophages, albeit at a lower level t h a n in their bone m a r r o w counterparts. A l t h o u g h only o n e -t e n t h as m u c h R N A was available for analysis from pre-B cells and granulocytes sorted from bone marrow by flow cytometry, it is clear that Hlx is expressed at high levels in granulocytes and, allowing for differences in loading (Fig. 8B, 
G A P D H panel), t h a t its level even in the pre-B population is comparable to that observed in some h e m a t o p o i e t i c cell lines. C o n s i s t e n t w i t h a decline
in Hlx expression during B-cell m a t u r a t i o n , low levels were observed in spleen and lipopolysaccharide (LPS)-s t i m u l a t e d splenic B-cell blasts. As expected, little Hlx R N A was found in t h y m u s , and it was barely detectable in ConA/IL-2-stimulated splenic T-cell blasts.
Embryonic and adult expression pattern
Hlx expression is not confined to the h e m a t o p o i e t i c system. The 2.7-kb HIx m R N A was detected in all three neuroepithelial cell lines examined, in NIH-3T3 fibroblasts, and w e a k l y in a bone m a r r o w stromal cell line (B.Ad) {Fig. 8A; Table 1 ). Its expression in n o r m a l adult tissues was assessed by R N a s e protection. H / x m R N A was detectable in all tissues tested, but its level varied greatly ( Fig. 9} . A m o n g h e m a t o p o i e t i c tissues, expression was higher in the spleen and m e s e n t e r i c l y m p h nodes t h a n the t h y m u s ; but the h i g h e s t levels were observed in lung, heart, and skeletal muscle; and moderate levels appeared in the small and large intestines, uterus, and ovaries. O n l y traces were seen in brain, kidney, stomach, and testes. Some of the expression observed could arise from h e m a t o p o i e t i c cells. For example, the high level in lung m a y be attributable, in part, to alveolar macrophages and that in the i n t e s t i n e to the m u c o s a l l y m p h o i d system. H e m a t o p o i e t i c infiltration is not, however, Figure 9 . Detection of H/x RNA sequences in adult tissues by RNase protection. Probe 1 was hybridized to 20 ~.g of total RNA from the indicated tissues, from whole 12.5-day p.c. CBA embryos (E12.5), or as a negative control, to 20 ~g tRNA. The position and size in nucleotides of the full-length probe and the expected RNase-protected H/x product are indicated. A trace of undigested probe is evident. Integrity and quantities of RNA were verified by a control Northern analysis with rat GAPDH. likely to account for the level seen in skeletal muscle, uterus, or ovaries.
To evaluate whether Hlx might have a role in embryonic development, as inferred for many vertebrate homeo box genes, we examined its expression in staged embryos by RNase protection (Fig. 10A) . Hlx RNA was detectable at least as early as 8-8.5 days postcoitum (p.c.) in the 1-to 12-somite neurula. Expression of many homeo box genes becomes evident during this period of rapid organogenesis and segmentation (for review, see Holland and Hogan 1988; Kessel and Gruss 1990) . By 10.5 days p.c., Hlx expression in the whole embryo reached a plateau maintained through at least 16.5 days p.c. The traces also observed in undifferentiated F9 embryonic carcinoma cells and in MBL-1 embryonic stem cells (Fig. 10A ) may mean that Hlx is expressed even in the inner cell mass of the preimplantation embryo.
Hlx RNA was broadly expressed in 12.5-day p.c.
mouse embryos, although again at variable levels within different dissected tissues (Fig. 10B ). This level of resolution does not enable us to determine exactly which cell types express Hlx or whether expression is lineage specific, position specific, or both. Nevertheless, the higher levels in posterior {e.g., tail and posterior spinal cord) versus anterior (e.g., face and brain) sections may support a role for Hlx in establishing positional information. In situ hybridization or immunohistochemistry and functional tests will be necessary to resolve this question.
Discussion
The novel murine homeo box gene Hlx described here differs considerably from the previously described vertebrate Hox genes. Hlx defines a new homeo box gene locus, because the other homeo box genes mapped to murine chromosome 1, En-1 and Oct-l, lie centromeric to the Hlx locus (Fig. 6) . None of the known mouse developmental mutants map in the vicinity of Hlx. The very marked similarity of the Hlx homeo box to that of Drosophila 1-12.0 (Fig. 3) is interesting, because H2.0 is one of the few Drosophila homeo box genes exhibiting only tissue-specific expression, although the expression pattern of 1-12.0, visceral musculature, and its precursors (Barad et al. 1988 ) is very different from that of Hlx. In any case, because H/x resembles 1-12.0 only in the homeo box and a few short additional regions {Figs. 2 and 4), there may well be other Drosophila genes closer to Hlx. Aside from the homeo box, the most notable region of homology between Hlx and 1-12.0 is the motif denoted the Hep segment, which is also preserved in the Drosophila genes engrailed and invected and, to a much lesser extent, in a murine, two human, and two Drosophila genes bearing the paired box domain (Fig. 5) . Conservation within such divergent polypeptides suggests that this segment is likely to represent a new functional motif.
Unlike most vertebrate homeo box genes, HIx has an intron within the homeo box (after amino acid codon 44 of the box). Remarkably, as indicated in Figure 3 , its position is the same as that in the homeo box of 1-12.0 (M. Barad and W. McGinnis, pets. comm.) and five other diverse genes of Drosophila (labial, proboscipedia, , as well as five less-wellcharacterized genes of C. elegans (ceh-1, -2, -7, -9, and -12) . This finding may mean that all of these genes reside on the same ancient branch of the homeo box gene evolutionary tree and that other groups can be delineated by introns elsewhere within the box, for example, that after codon 46 of the box in certain even-skipped-like genes (Fig. 3) . This simple interpretation must be reconciled, however, both with the fact that an intron is not always present within all members of certain recognized homeo box gene subfamilies and with the considerable diver- 
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Within the hematopoietic compartment, Hlx expression appears to be lineage and stage specific, being confined to the myeloid lineage and early stages of B-lymphocyte maturation ( Fig. 8; Table 1 ). Hlx may therefore regulate genes expressed in both of these cell types and contribute to their development. Myeloid and B cells might seem an odd pairing of lineages as B and T lymphocytes share more features, but a similar expression pattern has been reported recently for a transcription factor (PU.1 or Spi-1) bearing an ets-related DNA-binding domain (Klemsz et al. 1990 ). The B and myeloid lineages might be as close in ontogeny as the B and T, because certain progenitor cell lines can generate both B cells and macrophages (Kinashi et al. 1989 ) and some B lymphoid tumor lines can yield myeloid derivatives (Davidson et al. 1988; Klinken et al. 1988) . Alternatively, Hlx might have independent roles within the lymphoid and myeloid lineages.
The expression of Hlx is not confined to the hematopoietic system. Hlx was clearly expressed in three neuroepithelial cell lines and a fibroblast line ( Fig. 8A ; Table 1 ), in several adult tissues where infiltration by hematopoietic cells is unlikely to be significant, and also in the embryo (see below). In our view, these findings do not argue against a regulatory role for Hlx within the hematopoietic compartment. Certain Drosophila homeo box genes function in more than one context, for example, ftz in both segmentation and neurogenesis, and increasing evidence suggests that this holds for vertebrate transcription factors as well. For instance, the "lymphoid-specific" Oct-2 homeo protein is detectable within several types of hematopoietic cells that do not transcribe immunoglobulin genes (Cockerill and Klinken 1990) , and Oct-2 mRNA was found in the embryonic brain (He et al. 1989) . Similarly, expression of LF-B1, initially thought to be liver specific, is found also in the kidney, intestine, and spleen (Baumhueter et al. 1990 ). Given the compelling evidence for combinatorial action of many transcription factors (Mitchell and Tjian 1989; Scott et al. 1989) , the same factor might well have a regulatory role in more than one lineage.
HIx is expressed from an early stage of development (Fig. 10A ) and broadly in dissected tissues of day-12.5 embryos (Fig. 10B) . Notable features of the transcript distribution in these embryos are very low expression in the brain, with more robust expression in the spinal cord, similar to many of the Hox genes that have anterior expression boundaries posterior to the hindbrain {for review, see Holland and Hogan 1988; Kessel and Gruss 1990) . Higher levels of expression in posterior versus anterior tissues may indicate a role for Hlx in the development of posterior structures or in axis formation, as proposed for the Hox genes. Preliminary in situ hybridization data confirm the posterior localization of Hlx mRNA, and we are currently raising antisera to Hlx fusion proteins to allow a detailed analysis of Hlx protein distribution.
Hlx adds to the growing list of divergent homeo box genes identified recently in the mouse. In addition to En-1 and En-2 (Joyner and Martin 1987) , the POU class, which may number at least eight members (He et al. 1989) , and the several paired-like genes (Kessel and Gruss 1990) , these include LF-B1, TTF-1, and Isl-1 (see introductory section), Cdx-1 (Duprey et al. 1988 ), Hox-7 (Robert et al. 1989 , and prl (Kamps et al. 1990 ). Moreover, the four better-studied Hox loci probably contain at least 40 genes. Although the total number of murine homeo box genes is difficult to estimate, if one extrapolates from C. elegans, where some 1% of the total genes appear to be of this class (Bfirglin et al. 1989) , only a small proportion of the murine repertoire may have been isolated. In any case, the regulatory potential of this increasingly diverse family clearly is immense.
Materials and methods
Hybridization and cloning
The four oligonucleotide probes comprised degenerate 36-mers representing consensus sequences across the third helix region in the Antp, paired, bicoid, and even-skipped homeo boxes {Kongsuwan et al. 1988) . The 70Z/3 eDNA library in kgtl 1 (BenNeriah et al. 1986 ) was kindly provided by Dr. D. Baltimore. Phage DNA adsorbed to nitrocellulose filters {Schleicher & Schuell) was hybridized overnight at room temperature with 32P-end-labeled oligonucleotides, each at 10 6 cpm/ml, in 50% formamide, 5x SSC, 5x Denhardt's solution, 0.1% SDS, and 100 txg/ml of denatured sheared herring sperm DNA. Filters were washed in 2x SSC, 0.1% SDS, at 42-50°C, as required to reduce background. The random-primed macrophage library was prepared by Dr. Jane Visvader in Lambda Zap II (Stratagene) from poly(A) + RNA of normal murine bone marrow macrophages. Phage DNA adsorbed to Amersham Hybond-C Extra membranes was probed with the j l 5 eDNA (Fig. 1 ) , labeled with a2p by random priming (Bresatec). H/x clones represented 0.006% of the plaques.
Hlx genomic clones were identified by hybridization of the j l 5 cDNA (Fig. 1) to 10 6 phage plaques from a genomic library of BALB/c mouse DNA (from plasmacytoma ABPC 17) constructed in kEMBL3 (Corcoran et al. 1985) . Hybridizing phage were purified, the DNA restriction mapped, and the region hybridizing to the eDNA probe delimited to a 6.3-kb EcoRI fragment (Fig. 1) . This was subcloned into pSP72, and a series of nested deletions generated by exonuclease III digestion (Henikoff 1987) were subcloned into M13mp18 and sequenced to position the introns within the gene.
Genomic Southern blots were hybridized at 42°C in 40% formamide, 5x SSC, 5x Denhardt's solution, 0.1% SDS, and 100 ~g/ml of sheared denatured herring sperm DNA. Low-stringency washing was done in 2x SSC at 50°C; moderate-stringency washing was done in 1 x SSC at 65°C.
Chromosomal localization
Interspecific backcross progeny were generated by mating (C57BL/6J x M. spretus) F1 females and C57BL/6J males (Buch-berg et al. 1988) . DNA isolation, restriction enzyme digestion, Southern blotting, and hybridization were performed essentially as described (Jenkins et al. 1982) . All blots were on Zetabind nylon membrane (AMF-Cuno). The H/x probe, the j15 eDNA clone (Fig. 1) , was labeled with [a-g2P]dCTP by nick translation (Amersham kit). Washing was done to a final stringency with 0.Sx SSCP and 0.1% SDS at 65°C. TaqI generated H/x fragments of 5.4, 1.9, and 0.9 kb from C57BL/6J DNA and of 2.8, 1.9, and 0.9 kb from M. spretus DNA. Probes and restriction fragment length polymorphisms (RFLPs) for the loci linked to the H/x gene have been described (Dickinson et al. 1990 ). Recombination distances were calculated as described (Green 19811 
RNA preparation, Northern analysis, and RNase protection
Poly(A) + RNA was isolated from cells and tissues by proteinase K/SDS digestion and oligo(dT}-eellulose chromatography. RNA (4 ~g/lane) was fractionated on 1% agarose gels containing 0.22 M formaldehyde, 20 mM MOPS (pH 7), 1 mM EDTA, 5 mM sodium acetate, and 0.5 ~g/ml of ethidium bromide. Gels were destained in water for 1 hr, photographed under UV illumination to check RNA quantity and integrity and the position of RNA size markers, and blotted onto nylon membranes (Amersham Hybond-N). Hybridization was carried out at 42°C overnight with 1 x 106 to 5 x 10 6 cpm/ml of probe in 50% formamide, 5x SSC, 5x Denhardt's solution, 0.1% SDS, 100 ~g/ml of denatured sheared herring sperm DNA, and 40 ~g/ml of tRNA. Final washes were at 65°C in 0.1--0.2x SSC and 0.1% SDS. Subsequently, the quantity of mRNA per track was checked with a GAPDH probe.
RNase protection experiments were carried out essentially as described by Krieg and Melton (1987) . A pSP73 plasmid containing the HaeII-BglII fragment of Hlx eDNA (nucleotides 763-1053) was linearized with HindIII, and [a~P]UTP-labeled antisense RNA was synthesized with SP6 RNA polymerase. The probe (denoted probe 1 in Figs. 1 and 9 ) was hybridized to either poly(A) + RNA from cell lines or total RNA from tissues, extracted by the method of Chomzynski and Sacchi (1987) . Adult tissues were from (C57BL/6 x SJL) F~ mice. To minimize lymphoid contamination, Peyer' s patches were removed from the small intestine prior to extraction. Integrity and quality of RNA samples was verified by gel electrophoresis and ethidium bromide staining, followed by Northern blotting and probing with rat GAPDH.
DNA sequencing
DNA fragments were subcloned into M13mpl8 or mpl9 and sequenced with Sequenase (U.S. Biochemicals), using either M13 primers or appropriate specific oligonucleotide primers. Candidate homeo box eDNA clones were first examined by sequencing from an Antennapedia homeo box consensus antisense primer (CGCCGGTTCTGGAACCA). Some sequencing was done from double-stranded plasmid template [pGEM3Zf{ + ), Promega]. Taq polymerase (U.S. Biochemicals) was used to confirm the difficult GC-rich 5' sequences of the eDNA. The composite eDNA sequence was obtained by sequencing both strands, and at least one strand was checked with deoxyinosine nucleotide analogs to reveal and resolve gel cornpressions. The genomic sequence was determined on one strand, as that sufficed to delineate the intron boundaries.
Cell lines and preparation of normal cell populations
Most of the cell lines have been cited in previous studies (Culvenor et al. 1981; Kongsuwan et al. 1988) . For brevity, lines of cell types that did not express H/x were not listed in Table 1 . They include the mast cell lines P815, HC.3, and BA96; the erythroid lines F4N, J2E, BA3, BA33, BA42, ME3, MES, ME14, ME15.C2, and ME17.ES; the plasmacytoma lines MPCll, P3, TEPC2027, AT9, and WEHI267; and the T-lymphoid cell lines Tikaut, ST4, EL4, $49.1, BA34, WEHI7.1, WEHIll2.1, WEHITO1, WEHI703, WEHI707, WEHI708, and WEHI711. Many of the lines were generated at The Walter and Eliza Hall Institute. For instance, the neuroepithelial lines (Bernard et al. 1989) , the BA lines (Elefanty et al. 1990) , and the ME fetal erythroid lines {Cory et al. 1991) were produced by retroviral transformation. The WEHI400 series lines (and TT28) were established from B lymphomas of E~-myc transgenic mice, the WEHI700 series from thymomas in E~-N-ras transgenic mice, and the early B lymphoid MR lines from lymphomas of E~-myc/N-ras mice (Harris et al. 1988 ).
Hematopoietic tissues were from (C57BL/6 x SJL) FI males. Cell populations were characterized by staining and microscopy or, where indicated, flow cytometry. Pre-B cells (B220+; IgM-) and granulocytes (GR-1 +) were sorted from bone marrow on a Becton-Dickinson FACS II, after lysis of erythrocytes in buffered 0.15 M NH4C1, yielding 2.5 x 106 and 4 x 106 viable cells, respectively, for RNA extraction. Other normal cell populations were generated by culture with specific factors in Dulbecco's modified Eagle medium (CSL) and 10% fetal calf serum (FLOW). A nonadherent mixed myeloid population was grown for 5 days from bone marrow plugs suspended at 5 x l0 s cells/ml in the presence of 200 units of IL-3/ml, and adherent cells (stroma, fibroblasts, and mature macrophages) were discarded; the population consisted of 70% granulocytes, 18% monocytes, and small numbers of erythrocytes, lymphocytes, and megakaryocytes. Essentially pure (>99%) adherent bone marrow macrophages were generated by culture with 15% L-cell-conditioned medium as a source of M-CSF (Vairo and Hamilton 1985) . Peritoneal macrophages were flushed with 5 ml of phosphate-buffered saline from granulocyte-macrophage colony-stimulating factor (GM-CSF) transgenic mice, which carry large numbers of such cells (Lang et al. 1987 ); 95% of the cells were macrophages, and most of the rest were eosinophils. B-cell blasts were obtained by culturing splenocytes at 5 x 10S/ml in 20 ~g/ml of LPS and 50 ~M 2-mercaptoethanol for 3 days; 96% were B cells (B220 +, sIgM+), 2-3% were T cells (CD4 + or CDS+), and <1.5% were macrophages (B220-, sIgM-, Mac-lb~ight). T-cell blasts were grown from splenocytes for 3 days in the presence of 2 ~g/ml of Con A and, after expansion, for 2 more days in 100 units of IL-2/ml, in each case at initial densities of 5 x 10S/ml. This population contained >97% T cells (Thy-1 +, TCR +, almost entirely CD4 +, CDS-, and CD4-, CD8 + cells in a 1 : 2 ratio) and 2.5% B cells (B220 +, sIgM+), with no Mac-1 + cells detected.
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